Virus deposition onto polyelectrolyte-coated surfaces: A study with bacteriophage MS2.
By selecting constituent polyelectrolytes and controlling conditions of their deposition, the resulting polyelectrolyte multilayers can be designed as surface coatings with controlled adhesive properties with respect to viruses. Charge and hydrophilicity of the polyelectrolyte multilayers govern virus adhesion. Four surfaces of different charges and hydrophobicities were designed using a layer-by-layer assembly of poly(styrene-4-sulfonate) and poly(dimethyl diallyl ammonium chloride). Contact angle measurements gave an estimate of MS2 hydrophilicity in terms of free energy of interfacial interaction in water. Experimental results on MS2 adhesion obtained using quartz crystal microbalance with dissipation monitoring were compared with predictions by the extended Derjaguin-Landau-Verwey-Overbeek (XDLVO) theory. MS2 deposition onto polyelectrolyte multilayers occurred in two phases: an early phase defined by virus-surface interactions and a later phase with virus-virus interactions controlling deposition kinetics. Principal component analysis showed that the deposition rates in the two phases were independent one of another and that each was correlated to the depth of the secondary minimum of the corresponding XDLVO energy profile. Hydrophobic and electrostatic interactions governed the deposition process: short range hydrophilic repulsion prevented deposition into the primary minimum while electrostatic interactions defined the dependence of the deposition kinetics on the ionic strength. Different surfaces showed distinct kinetics of and capacities for MS2 deposition pointing to the potential of polyelectrolyte multilayers as easy-to-apply coatings for regulating virus adsorption, inactivating viruses via the virucidal action of cationic polyelectrolytes and reducing human exposure to viruses.